The capacity of visual working memory has been extensively characterized, but little work has investigated how occupying visual memory influences other aspects of cognition and perception. Here we show a novel effect: maintaining an item in visual working memory slows processing of similar visual stimuli during the maintenance period. Subjects judged the gender of computer rendered faces or the naturalness of body postures while maintaining different visual memory loads. We found that when stimuli of the same class (faces or bodies) were maintained in memory, perceptual judgments were slowed. Interestingly, this is the opposite of what would be predicted from traditional priming. Our results suggest there is interference between visual working memory and perception, caused by visual similarity between new perceptual input and items already encoded in memory.
Introduction
Visual working memory is a critical part of human visual cognition. While much research has addressed the capacity limits of visual working memory, little is known about how using visual working memory might influence other processing in the visual system. In this work we investigate if maintaining an item in visual working memory interferes with concurrent object perception. This question is motivated by research on the neural underpinnings of visual working memory.
Single unit recordings in monkeys suggest that two brain areas contribute to visual working memory representations: inferior temporal cortex and prefrontal cortex (Miller, Erickson, & Desimone, 1996; Miller, Li, & Desimone, 1993) . In inferior temporal cortex neurons that respond to the initial display of a visual stimulus thereafter have changed response profiles while the monkey maintains that stimulus in memory. These changed response profiles are hypothesized to be critical to maintaining these items in visual memory. Since these neurons play an important role in object recognition, we hypothesized that their involvement in memory encoding could negatively impact perceptual abilities. fMRI research with humans also finds activity in prefrontal cortex and inferior temporal cortex during visual memory tasks (Druzgal & D'Esposito, 2003; Ranganath, DeGutis, & D'Esposito, 2004) , suggesting that humans also activate perceptual areas to remember the identity of an object. Jonides, Lacey, and Nee (2005) have suggested this is true for spatial memory as well, and advanced the hypothesis that, as a general rule, perceptual regions may play a role in all types of working memory storage. Pasternak and Greenlee (2005) have also reviewed evidence that supports the hypothesis that many types of working memory depend on activity in perceptual areas.
If perceptual areas play a supporting role in visual memory, how might perception and memory interact? Some research has been conducted on the relationship between visual memory and visual attention. The biasedcompetition theory (Desimone & Duncan, 1995) suggests that visual working memory provides top-down modulation of early visual areas, biasing attention toward visual stimuli that match the contents of memory. This has been explored in visual search experiments, where subjects must remember an item for a memory test and concurrently search for a target among distractors. If holding an item in memory increases the likelihood of it being attended in the search array then reaction time (RT) should slow when one of the distractors matches visual memory. The results vary somewhat; Downing and Dodds (2004) found no interaction between the contents of memory and search performance. Soto, Heinke, Humphreys, and Blanco (2005) found that when the memorized item matched the search target, RT was faster, and when the memorized item matched a distractor, RT was slower. In contrast, when the memorized item always matched a distractor, Woodman, Boucher, Schall, and Luck (2004) found that subjects were faster. These results suggest that the contents of memory can either positively or negatively bias the selection of stimuli for attention and processing, depending on the task demands.
Additional evidence has been gathered outside of the domain of visual search. Kim, Kim, and Chun (2005) found that the Stroop effect was decreased by a working memory load, so long as the memory load was in the same modality as the task irrelevant, distracting part of the stimuli. This suggests that a memory load can reduce the salience or level of processing of stimuli in the same modality.
In this paper we investigate whether a memory load may also have the general effect of slowing object recognition and classification. This perceptual cost of maintaining an item in memory might be found whenever the contents of memory and the stimuli to be judged are similar enough to cause overlap in the neural populations, which support the recognition and maintenance of those items. If the two stimuli are in the same modality, then there might be some interference, but even greater interference should be found if the stimuli are of the same basic class.
Note that object recognition and classification are likely very closely linked in the brain; for conciseness hereafter we will refer to object classification when we mean the process of identifying an object and determining what class it belongs to.
Experiment 1
Experiment 1 investigated if a visual working memory load would slow object classification by measuring how quickly subjects could recognize if a novel human face was male or female. A delay in this perceptual judgment was taken as evidence that object classification had been slowed. The male/female perceptual judgment was made under three conditions: while holding a human face in working memory, a Fribble (a computer generated abstract 3D object), or under no memory load. If there is overlap in the brain areas that support perception and visual working memory, then we reasoned that the most perceptual slowing would be found in the face memory condition, where the memory stimuli and judgment stimuli were of the same visual class. We predicted relatively less slowing in the Fribble memory condition because of the low visual similarity between Fribbles and faces. To ensure subjects used working memory, they were given a same/different memory test at the end of each trial in the memory conditions. The gender only condition was included to estimate the speed of the gender judgment task when there was no memory load.
Methods

Participants
A group of 24 right-handed undergraduate students with normal or corrected-to-normal vision completed the experiment for course credit.
Stimuli
The stimuli used for the gender judgments were identical across conditions, only the memory load differed. Faces were generated using 3D modeling software (Poser 5.0, Curious Labs, Santa Cruz, California). Gender was manipulated by changing the geometry of the face, not its coloration or amount of hair. To generate "different" faces for the same/different memory task the geometry of the jaw, chin, mouth and lips, or nose was modified. Thus, both the gender and memory tasks relied on the overall shape of the face. Likewise, Fribble memory pairs differed primarily in the shape of their different parts. Each trial used a new memory stimulus not previously seen before, and for half of the trials unchanged stimuli were shown for the same/different test. Faces that were memorized were never used for the gender judgment task. All images were presented on a black background, at an average visual angle of 13-Â 17-, using the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) .
Procedure
The procedure for the three conditions tested is shown in Figures 1a-c . In all conditions each task began with a one-word instruction, shown for 700 ms, which was included to make sure subjects did not become confused as to what kind of response was required on the next screen. In the face memory condition, trials began with the word "Memorize", followed by the image of a face for 3500 ms. Then the gender judgment task began, signaled by the word "Gender", shown for 700 ms. A face would be displayed for up to 1500 ms, during which the subject would indicate if it was male or female by pushing M or L on a keyboard. Both speed and accuracy were stressed. This process would then repeat once more for a different face. We included two gender judgments between the memorization and recall tasks to measure two different effects:
1. a task switching cost (Rogers & Monsell, 1995) , incurred by switching from memorizing a stimulus to making a perceptual judgment, and 2. the cost thereafter of maintaining a stimulus in memory while making additional perceptual judgments.
up to 3500 ms. Subjects were to indicate if this was the same face as seen at the beginning of the trial after the "Memorize" label, or a different face, by pushing the A or X key on a keyboard. In the Fribble memory condition subjects memorized a Fribble instead of a human face, but still conducted the same gender judgment task as in the face memory condition. The timing of stimulus presentation in these two conditions was identical.
In the gender only condition subjects just judged the gender of two faces and had no other task. Since the gender only condition had no memory task, we shortened the total display time for the screens before and after the gender judgments, so that the overall pacing of the task would not be dramatically different between conditions. Subjects practiced all 3 conditions before experimental trials were collected. Each condition was run separately in blocks of 32 trials. Subjects completed 6 blocks (2 of each condition), the order of which was counterbalanced to minimize any learning effects. Gender was counterbalanced within each block, such that all possible combinations of gender of the memorized face, and gender for the first and second gender judgments were tested an equal number of times. This meant that knowing the gender of the memorized face had no predictive utility for the first or second gender judgment, and likewise, knowing the answer to the first gender judgment did not predict the gender on the second gender judgment.
Results and discussion
To measure if maintaining an item in visual memory slowed face classification, we examined RT on the gender judgment task. We analyzed RT from all trials, independent of the correctness of gender or memory response. An incorrect response on one of the tasks might indicate that a subject chose to ignore that task for that trial, but we reasoned that if subjects were ignoring one of the tasks this should only decrease interference between tasks and therefore reduce the effect measured. Furthermore, some of the faces are relatively ambiguous in gender, with some subjects indicating they were male and some indicating they were female, making it difficult to determine what an incorrect response should be. In any case, however, the results do not change significantly if we only include trials where the responses were correct.
A repeated measures ANOVA on condition ( face, Fribble, or gender only) and judgment order ( first or second face) found a main effect of condition, F(2,46) = 28.8, p G 0.0001; a main effect of judgment order, F(1,46) = 72.7, p G 0.0001; and an interaction between these two, F(2,46) = 40.7, p G 0.0001. We then conducted six paired t-tests between conditions to determine which conditions drove the main effects (Figure 2a ). To control for multiple comparisons we report the Bonferroni-Holm corrected p value (as described in Aickin & Gensler, 1996 , see also Holm, 1979) , which keeps the probability of a type-I error (false positive) below 0.05. Both the first and second gender evaluations in the face memory condition were slower than the corresponding judgments in the Fribble memory condition (by 41 ms; p G 0.01, and 37 ms; p G 0.007, respectively). This indicates that holding an item in memory slows perceptual judgments for visually similar items. Comparing the Fribble condition to gender only, however, only the first gender evaluation was found to be significantly slowed (by 113 ms; p G 0.0001). This suggests that there is a task-switching cost incurred when switching from memorizing an object to making a perceptual judgment, but after that switching cost additional judgments are not slowed when the item in memory is a different type of object. In conclusion, this experiment suggests two kinds of costs of using visual working memory:
1. A task-switching cost, which is incurred only once and does not depend on the visual similarity between the object being memorized and being judged, and 2. a persistent slowing of visual judgments while maintaining a similar visual working memory load.
While the task-switching cost is larger, it is only incurred once, so the persistent slowing could be more significant overall, depending on the task and the number of judgments that must be made while the working memory load is maintained.
Could these results be due to differing levels of difficulty of memorizing Fribbles and faces, and not because of visual similarity? Dell'Acqua (1998, 1999) demonstrated that consolidating (transferring) an item into working memory can slow RT on a second task when performed simultaneously. This effect was found even though the two tasks were in different modalities (visual and auditory) suggesting it was caused by a modality independent central bottleneck. The timing of our task, however, suggests consolidation is unlikely to explain our findings. We used a fairly long interval between the onset of the memory stimulus and the onset of the gender judgment stimulus (4.2 s), whereas Jolicoeur & Dell'Acqua's work suggests that consolidation is complete after 2 s (see also Woodman and Vogel (2005) for evidence that consolidation can complete in as little as 100 ms). Furthermore, consolidation costs increase with the difficulty of memorizing a stimulus, so to explain our results it would be necessary for the slowest gender recognition to occur under the most difficult memory condition. Accuracy on the memory test, however, suggests that faces and Fribbles were of equal difficulty to memorize (both 75% correct for the same/different test; see Figure 1b ). RT on the memory test, if anything, suggests that Fribbles were the more difficult stimuli (an average of 1.54 s for faces, and 1.81 s for Fribbles). Thus the difficulty of the memory test does not provide a compelling explanation of the RT effects in the gender judgment task.
We also examined accuracy on the gender judgments. Average accuracy was only 91%, probably because there were a number of reasonably ambiguous faces generated by using the texture of one gender combined with the shape of another. There was no effect of memory condition on gender accuracy.
Experiment 2
The RT difference between face memory conditions and Fribble memory conditions in Experiment 1 supports the hypothesis that maintaining an item in visual memory slows object classification. Experiment 1 did not, however, control for use of phonological encoding. Different parts of the Fribbles could be given names, whereas subtle variations in facial features are harder to represent verbally. Perhaps in the Fribble condition subjects used phonological working memory, whereas in the face condition they used visual memory. Thus the effect in Experiment 1 might indicate that maintaining visual memory interferes with object classification, but maintaining phonological memory does not. In Experiment 2 we tested this hypothesis by disrupting subjects' ability to use phonological encoding.
Methods
Participants
A new group of 24 right-handed undergraduate students with normal or corrected-to-normal vision completed the experiment for pay.
Procedure
Experiment 2 used the same stimuli and procedure as Experiment 1 except that subjects were given a phonological distracter task. For the duration of the experiment subjects were instructed to verbally recite three letters or numbers continuously ('234', 'RST', etc.) . To prevent habituation, subjects switched to a different verbal sequence at the end of each block. This type of task has been shown to greatly decrease the ability to use phonological encoding (Baddeley, 1992) .
Results and discussion
As in Experiment 1, a repeated measures ANOVA on condition ( face, Fribble, or gender only) and judgment order ( first or second face) found a main effect of condition, F(2,46) = 17.1, p G 0.0001; a main effect of judgment order: F(2,46) = 49.8, p G 0.0001; and an interaction between these two, F(2,46) = 58.9, p G 0.0001. We conducted six paired t-tests between conditions to determine which conditions drove the main effects (Figure 2a ), using Bonferroni-Holm corrected p values. As in Experiment 1, both the first and second gender judgments in the face memory condition were significantly slower than the corresponding judgments in the Fribble memory condition (by 69 ms; p G 0.0001, and 58 ms; p G 0.0001, respectively). This suggests that the cost of working memory measured in Experiments 1 and 2 is due to visual similarity and not due to reliance on different working memory subsystems.
As in Experiment 1, only the first gender judgment in the Fribble condition was significantly slowed as compared to the gender only condition (by 43 ms; p G 0.03). In contrast to Experiment 1, however, the second gender judgment in the Fribble condition was actually 44 ms faster than the second judgment in the gender only condition ( p G 0.02). This would suggest that, relative to no memory load, holding a Fribble in memory would actually speed face judgments. Note that this was not the case in the first experiment, so perhaps it is due to intersubject variability. It is worth considering, however, that the overall task demands in the gender only condition are very different from the memory conditions. The time between making pairs of gender judgments is much shorter, and perhaps this causes fatigue for some subjects, leading to slower performance. We will revisit this issue in Experiment 3.
Accuracy on the memory test was an average of 66% for faces and 64% for Fribbles (Figure 2b) , and RT for the memory test was 1.28 s and 1.43 s, respectively. As in Experiment 1, this suggests that the effects on gender judgment RT are not due to memory task difficulty. It is interesting to note that memory accuracy was lower in Experiment 2. This may reflect a speed/accuracy tradeoff, since subjects were also faster to make the same/different response in Experiment 2. Average accuracy on the gender task was also slightly reduced (87%) suggesting an overall decrease in performance across tasks, probably due to the addition of the phonological distracter task.
Experiment 3
Experiments 1 and 2 found that memorizing a face slows face classification more than memorizing a Fribble. It could be, however, that the slowing is not due to the memory load but occurs because the subjects are looking at a face for a while before they switch to doing the gender task. For instance, staring at a face has been shown to cause visual adaptation, which can influence categorical perception of faces (Webster, Kaping, Mizokami, & Duhamel, 2004) . Perhaps visually adapting to a face can also cause slowed perceptual processing on the next task. Thus, memorizing a face would slow perception, but only because it leads to adaptation. In Experiment 3 we test this hypothesis with a just attend condition, which is visually identical to the face memory condition except that subjects are not asked to memorize the face. If it is the memory load that causes the perceptual slowing, then gender judgments in the just attend condition should be faster than in the face memory condition. Furthermore, the just attend condition can be taken as a more appropriate estimate of the speed of the gender judgments when there is no memory load, since the trial timing is exactly the same between the just attend and face memory conditions. We also included the gender only condition from pervious experiments so we could compare it to the just attend results.
Methods
Participants
A new group of 24 undergraduate students with normal or corrected-to-normal vision completed the experiment for course credit.
Procedure
Experiment 3 used the same face memory and gender only conditions from Experiment 1. A new condition was added, which was visually almost identical to the face memory condition, but with a different initial task (Figure 3 ). In this condition ( just attend ) subjects were instructed to attend to the first face in the trial but not memorize it. To ensure that subjects attended to the face for the entire 3.5 s that it was shown, subjects were given the task of monitoring for the face to change from color to grayscale. This would occur for 500 ms and could happen at any point within the 3.5 s. When this occurred subjects were to verbally report to the experimenter that the item had changed. The just attend condition included 4 extra catch trials in which this happened; no gender judgments were collected for these trials. As in the first two experiments, conditions were run in blocks of 32 trials, with the order of blocks counterbalanced to minimize learning effects.
Because there was no memory task in the just attend trials, there was no recall face shown at the end of the trial. In addition, because subjects were instructed to attend, but not memorize the first face, the instruction text at the beginning of the trial read "attend b/w". In all other ways, however, the just attend and face memory trials were visually identical and also had identical timing.
Results and discussion
All subjects detected all of the grayscale catch trials. In addition, only one subject, on one trial, reported that a face changed to grayscale when this did not in fact happen. Thus we conclude that the grayscale task successfully caused the subjects to attend to the initial face in the just attend condition, throughout the 3.5 s it was displayed.
A repeated measures ANOVA on condition ( face, just attend, or gender only) and judgment order ( first or second face) found a main effect of condition, F(2,46) = 19.2, p G 0.0001; a main effect of judgment order: F(2,46) = 55.3, p G 0.0001; and an interaction between these two, F(2,46) = 13.4, p G 0.0001. We conducted six paired t-tests between conditions to determine which conditions drove the main effects (Figure 4a ), calculating Bonferroni-Holm corrected p values. Both the first and second gender judgments in the face memory condition were significantly slower than the corresponding judgments in the just attend condition (by 82 ms; p G 0.0001, and 41 ms; p G 0.001, respectively). Since the two conditions were as alike as possible except that just attend contained no memory load, this strongly suggests that the slowing observed is due to the cost of using visual working memory, rather than a side effect caused by viewing the stimuli in order to memorize them.
As in Experiment 1, RT was slower on the first and second faces in the face memory condition than in the gender only condition (by 98 ms; p G 0.0001, and 25 ms; p G 0.037, respectively). This replication provides further support for the hypothesis that a memory load slows face classification.
We also found that the RT for the gender only condition was slower than in the just attend condition for the second gender judgment in a trial, although only by 20 ms, supporting the idea that giving subjects a string of gender judgments with minimal pauses in between actually leads to slower performance. This also helps explain why in Experiment 2 the second face judgment while holding a Fribble in memory was faster than the corresponding nomemory load face judgment. Mean accuracy on the face memory test was 75%, and mean accuracy on the gender task was about 90%, across conditions ( Figure 4b ). As in previous experiments, this shows that subjects completed both the gender and memory tasks.
Experiment 4
In the prior 3 experiments we repeatedly found evidence that face classification was slowed when a face was held in memory. In Experiment 4 we investigated if this memory-based slowing is limited to the domain of faces, or if it generalizes to other visual categories. For instance, perhaps holding a face in memory is particularly detrimental to object classification for all object classes, and that is why we saw greater slowing in the face memory conditions. Another possibility is that only face perception suffers from a working memory load. To rule out these explanations, we tested a different perceptual judgment.
We selected the task of judging if a human body pose was natural (within the range of normal human movement) or unnatural (difficult or impossible to achieve unless a person was hyperflexible). While this judgment might include non-visual components, it requires that the subject be able to recognize the relative locations and orientations of the limbs of the body. If this recognition process is slowed, we reasoned that the judgments of 
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Robinson, Manzi, & Trieschnatural or unnatural pose would also be slowed. We selected this particular task because it was similar to the male/female task in that it was (1) a binary decision, (2) did not require extensive training, (3) would require attention to position and configuration of high-level visual features and could not be done just using low-level components such as the relative power at different spatial frequencies.
Methods
Participants
A new group of 24 right-handed undergraduate students with normal or corrected-to-normal vision completed the experiment for course credit.
Stimuli
We reused the faces generated for the first 3 experiments. For the body memory conditions and for the body judgments, we generated new images using 3D modeling software (Poser 5.0, Curious Labs, Santa Cruz, California). The bodies were fully clothed males and females, with the head removed at the neck (to prevent any interaction with the face stimuli). The bodies were viewed from a variety of different angles, and the positions of the legs, arms, and torso were varied randomly.
Half of the figures were in 'natural' poses, and half were in 'unnatural' poses. Unnatural poses were created by setting joint angles to be outside of the possible range for a typical person. We conducted a small norming study with 6 subjects to ensure that the majority of subjects were in agreement as to the 'naturalness' or 'unnaturalness' of the poses. Note that while there was general agreement, there were some individual differences in the ratings subjects gave.
For the memory test using the body stimuli, subjects always viewed the same figure from the same angle in the memorize and recall stages. If the pose was different between memorize and recall, it differed in terms of a single joint angle, either for the foot, arm, leg, shoulder, or torso. Half of the memory stimuli were in unnatural poses; if the joint angle changed between memorize and recall, the change never switched the pose from natural to unnatural, or vice versa.
Procedure
There were four conditions, all with identical timing (Figure 5 ). In the face face condition, subjects memorized a face, and judged the gender of two faces per trial. This condition was identical to the face memory condition used in the first 3 experiments. In the face body condition, the subjects memorized a face, and then conducted two body judgments per trial ("Is the pose natural or unnatural?"). The body face condition and the body body condition likewise tested the effect of memorizing a body pose on face judgments or body judgments, respectively. The timing of the four conditions was the same as the memory conditions in Experiment 1. For the body judgments, subjects responded by pushing the N key (natural) or K key (unnatural) on a keyboard.
Each condition consisted of 32 trials, and the order of the trials was randomized. The order of the conditions was counterbalanced between subjects to minimize practice effects.
Results and discussion
The results are shown in Figure 6 . We conducted a repeated measures ANOVA on RT, with factors of Figure 5 . The four conditions in Experiment 4. (2008) 8(16):7, 1-13 Robinson, Manzi, & Trieschmemory type ( face or body), judgment type (face gender or body posture), and judgment order (first or second judgment). We did not find a main effect for the memory type factor: F(1, 23) = 0.06, p G 0.8, indicating that the type of stimuli memorized did not have an overall effect on judgment reaction time. This suggests that there is nothing special about holding a face (or body) in memory that slows object perception. The judgment type factor was significant: F(1,23) = 279, p G 0.0001, indicating that subjects were significantly faster at judging the gender of faces than the naturalness of body poses. There was also a main effect of judgment order: F(1,23) = 32, p G 0.0001, indicating that subjects were significantly slower at making the first judgment in a trial than the second. This is evidence of the task-switching cost of switching from memorizing a stimulus to recognizing and classifying a new stimulus. Importantly, there was an interaction between the memorize factor and the judgment factor: F(1,23) = 23, p G 0.0001. This indicates that the effect on reaction time of memorizing a face or a body depends on whether you are judging a body or a face, with slower judgments made when the memorized stimulus was of the same class as the judged stimulus. This supports our hypothesis that object classification is slowed by a concurrent memory load, if it is of the same visual class. Because our conditions were fully crossed (we tested the effect of each type of memory load on the reaction time for both types of judgments), it is possible to test for our main hypothesis using an ANOVA test, as we have just described. We next considered if we could use paired t-tests to determine which conditions drove the main effects and interactions found with the ANOVA. To control for multiple comparisons we report the Bonferroni-Holm corrected p value.
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We found that when the memory stimulus matched the type of the judgment stimulus, subjects were slower at making the judgment, for all conditions (by 111 ms for the first face judgment ( p G 0.0001), by 49 ms for the second face judgment ( p G 0.042); by 49 ms for the first body judgment ( p G 0.045), and by 102 ms for the second body judgment ( p G 0.0001)). Thus, it seems that both the face judgment and body judgment conditions, for both the first and second faces in a trial drove the interaction effect revealed by the ANOVA.
The accuracy data (Figure 6b) shows that subjects found the memory tests harder when the memory stimulus was of the same class (face or body) as the judgment stimulus (Figure 6b ). When subjects had to memorize the same class as they judged, face memory accuracy dropped from 73% to 68% and body memory dropped from 89% to 62%. The fact that performance was higher when there was less potential for interference, however, suggests that subjects were still attending to both the judgment task and the memory task, and that the lower performance is just due to the increased task difficulty.
Interestingly, we found that there was a slight decrease in accuracy on the judgment tasks when the memory stimulus was of the same class as the judgment task. This was exceedingly slight for the gender judgments (a drop from 93% to 90%) but was more noticeable for the body judgments (a drop from 89% to 81%). Our experiments were not explicitly designed to test for this kind of effect, but our results do suggest that future research may find that the costs of maintaining visual working memory include both slowed reaction time and increased errors.
In conclusion, Experiment 4 supports the generality of the effect repeatedly measured in the first three experiments. Holding an item in visual working memory appears to slow down object classification, when both stimuli come from the same class. This experiment shows that this is true not just for faces, which have often been argued to have specialized recognition mechanisms in the brain, but also for body poses, a very different category of natural objects.
General discussion
In two separate experiments we found that gender identification was slower when a face was held in memory than when a Fribble was held in memory. In a third experiment we found that gender identification was slowed when a face was held in memory, relative to a visually identical condition that did not require visual working memory. In a fourth experiment we found that judgments about human bodies were slower when a human body was held in memory than when a face was held in memory (and vice versa) . From these results we conclude that object classification is slowed by a visual working memory load when the contents of memory are similar to the object being classified. We conjecture that this may be due to the overlap of the neural populations involved in memorizing an object and perceiving an object. This suggests that the classification might be even slower if the memorized object is highly similar to the one to be perceived. For example, subjects may perceive a face particularly slowly if it is similar to the face held in memory. In order to test this hypothesis, we re-analyzed the data from our first three experiments (those which had enough face memory trials to allow this analysis) in the following way. We reasoned that faces of the same gender will tend to have a higher overlap in their neural representations than faces of opposite gender. Thus, when holding a face in memory, subjects may be particularly slow at judging faces of the same gender. This is exactly what we found (Figure 7) .
We conducted separate repeated measures ANOVAs on the RT for the gender judgments in the face memory conditions in Experiments 1, 2, and 3, with two factors: (1) gender match: did the gender of the face judged match the gender of the face memorized at the beginning of the trial, and (2) p G 0.0001; and by 34 ms in Experiment 3, F(1,23) = 20.6, p G 0.0001). There was also a main effect of order for all experiments, because subjects were faster to judge the second face, as already discussed in previous results sections. Interestingly, however, there was no interaction effect between order and gender match for any of the experiments (Experiment 1, F(1,23) = 0.1, p G 0.74; Experiment 2, F(1,23) = 0.14, p G 0.71; Experiment 3, F(1,23) = 1.9, p G 0.18). This suggests that the effect of the memorized stimulus did not decrease much over time or intervening visual displays.
Note that this effect is the opposite of what one might expect from priming. Priming would predict that responses would be faster if the gender of the memorized face matches the gender of the face to be judged. Our analysis, however, reveals the reverse: gender matches actually lead to slower gender judgments. Previous studies have found reverse priming (referred to as the negative compatibility effect) for stimuli that are masked so that subjects cannot identify them (Eimer & Schlaghecken, 1998 ; but see Lleras & Enns, 2004, for methodological concerns) . In all such experiments, however, the negative compatibility effect goes away when the prime is detectable, and traditional priming is found instead. Since none of our stimuli were masked, the negative compatibility effect cannot explain our results.
Furthermore, there is no statistically significant evidence that this gender mismatch advantage decreases over time. If the effect was somehow due to priming, then there should be less priming observed on the second face judgment than on the first.
Another possible cause for the gender mismatch advantage is visual adaptation. Adapting to a face with a clearly defined gender can shift the perception of a gender neutral face in the opposite direction of the gender that the subject adapted to (Webster et al., 2004) . Though the effect of adaptation on reaction time with non-genderneutral faces has not been explored, it is plausible that slight shifts in category boundaries would influence reaction time. For instance, if adaptation to a female face made a novel male face appear even more masculine, people might be slightly faster to identify that the face is masculine, and slightly slower to identify the face correctly as female if it was actually feminine.
The posited effect of adaptation could explain the gender mismatch advantage in Experiments 1 and 2. When the subject views a face (in order to memorize it) gender selective neurons in visual areas might adapt slightly, shifting the subject's perception of all faces slightly away from the gender of the face being memorized. This categorical shift would speed later judgments when they did not match the memorized face's gender, and slow them when they matched. Again, however, if this were to explain the effect, one would expect that the adaptation would dissipate with time, and by the second gender judgment the effect would be significantly reduced or eliminated.
Furthermore, if adaptation is playing a role, then its effects should be present in the just attend condition in Experiment 3, in addition to the face memory conditions of Experiments 1, 2, and 3. We therefore conducted a repeated measures ANOVA on the just attend condition, with two factors: (1) gender match between the attended but not memorized face and the judged faces, (2) judgment order. There was a main effect of gender match (F(1,23) = 4.8, p G 0.04) and order, but no interaction between these two factors (F(1,23) = 0.8, p G 0.39). Gender mismatches were faster, just as in the face memory conditions of Experiments 1, 2, and 3. The effect, however, was much smaller, especially for the first face judgment (only 8 ms), which is when the effect of adaptation should have been maximal. Thus, it seems possible that visual adaptation could be playing a minor role, but it cannot explain most of the gender mismatch advantage. Based on our results, it does not appear that the slowing of object recognition and classification can be explained by priming or adaptation. The theory that perception is slowed by the presence of visually similar items in working memory, however, does account for all the effects measured. We speculate that visual similarity is important because it increases the likelihood that the same neural populations that helped identify an object and then maintain it in memory will be needed to recognize objects seen during the maintenance period. Our current results suggest this underlying cause, but further neurophysiological experiments will be necessary to directly test this hypothesis. In a potentially related work, Soto, Humphreys, and Rotshtein (2007) found that having subjects memorize a cue at the beginning of each trial in a visual search task would speed RT when that cue appeared around the target item, even though on average the cue was not predictive of target location. A similar, but smaller effect was found when subjects only had to attend to the cue, but not memorize it, though fMRI scans suggested that these two conditions lead to distinctly different patterns of activation. While it seems that their result depends on spatial attention, and that ours does not, as we use no distractors, it would be very interesting to compare the results of their study to an fMRI version of our Experiment 3, with a face memory and a just attend condition. In another related fMRI and behavioral experiment, Jha, Fabian, and Aguirre (2004) showed that memory performance is reduced when a visual stimulus is presented during the retention period, with greater reduction in performance when the object to be remembered is of the same class as the distractor stimulus presented during the retention period. When using face stimuli as both the memory stimulus and the distractor, they found elevated activity in prefrontal cortex and the fusiform face area, which may suggest that the prefrontal cortex plays a role in allowing concurrent perception and visual memory retention (note, however, that no task was performed on the distractor, so the elevated activity could have just been related to ignoring the distractor).
Our work has demonstrated that a visual memory load slows perception of objects of the same class, for both bodies and faces. Further work will be necessary to verify that the effect generalizes to other perceptual tasks and domains. We hypothesize that the finding will generalize as long as the visual areas that drive the perceptual judgments also play a role in maintaining visual working memory. Thus, the cost of using visual memory may be frequently encountered during everyday, natural tasks. This suggests that an optimal strategy during natural tasks that require perception and memory is to trade off visual working memory capacity for perceptual speed. Indeed, research on natural tasks suggests that people frequently encode just one item at a time (Gajewski & Henderson, 2002) , or even just select aspects of one item (Droll, Hayhoe, Triesch, & Sullivan, 2005; Hayhoe, Bensinger, & Ballard, 1998; Triesch, Ballard, Hayhoe, & Sullivan, 2003) . Such memory usage is significantly less than the estimated capacity limits of visual working memory of about 4 items (Luck & Vogel, 1997 ; but see Alvarez & Cavanagh, 2004 , for a smaller estimate of memory capacity). The use of visual working memory may, in addition to slowing perception, cause perceptual errors. Change detection experiments, such as Droll et al. (2005) suggest that during natural behavior the contents of memory can sometimes override perception, leading to missed changes, even for the object of central interest in a task. Whether these errors are due to the lack of attending to perceptual input, or actual errors in the process of recognition and classification should be investigated in future research.
Our work also has implications for the literature on how visual search and visual memory interact. Woodman, Vogel, and Luck (2001) found that filling visual memory to capacity with the color of squares or the orientation of "C"s did not slow the rate of search for similar items on an item-by-item basis (the increase in RT as a function of search set size was the same across different memory loads). They did, however, find a slowing of RT by a fixed amount, independent of set size, which, due to the timing of their experiment was probably caused at least partially by memory consolidation. Given our results, one might also expect an item-by-item slowing of visual search. One possible explanation is that the slowing we observed occurs when the interfering stimuli are first presented visually. The delay might be the signature of a process that protects the contents of memory from being overwritten or degraded by the new input. Once this process is complete there might not be any further delay in processing the current input. The same process might be required for each new visual display, however, such as for the second of the two faces shown in our gender judgment task. In Woodman et al. (2001) subjects searched just one display per trial and were instructed to not make eye movements. Because visual input was fairly constant, each trial might have triggered the delaying process just once, independent of set size.
Outlook
Our work suggests that future research on visual working memory should consider how memory is used, and what potential tradeoffs there are to using memory during natural behavior. Furthermore, future work should explore how the same neural circuits can maintain the trace of a visual item in memory while at the same time recognizing new objects, even those that are very similar to the memorized item.
